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Phytoplankton composition and abundance were analyzed in the period January–Septem-
ber 2006, along the NE coastal Adriatic. In 2006, the Po River discharge was twice as low
as the 90 year average. The maximum riverine water inflow did not appear in spring but in
September, resulting in a shift of phytoplankton maximum from spring to autumn. Dia-
toms provided most abundant phytoplankton with an annual maximum of 6 x 105 cells L–1
in the west Istrian coastal region (in September–October). The annual average abundance
of diatoms was low (5.1 x 104 cells L–1), but bigger than that of dinoflagellates (28x),
coccolithophorids (13x), cryptophytes (6x) and green nanoflagellates (9x), respectively.
A comparison was made between phytoplankton seasonality in the dry year 2006, and the
year 2001 characterized by greater freshwater inputs. The drought period was character-
ised by the small cell size diatoms Cyclotella and Thalassiosira. Po River discharge from
the west, the north-westerly ingoing current (Eastern Adriatic current) and oligotrophic
karstic waters discharging along the eastern coast, strongly influence phytoplankton dy-
namics in the NE coastal Adriatic Sea.
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Introduction
The northern part of the Adriatic is shallow (less than 50 m deep) and relatively isolated
from the central sub-basin of intermediate depth and a deep southern sub-basin, deeper
than 1000 m. The northern part of the Adriatic Sea receives significant freshwater inputs,
which have a marked positive impact on productivity (DEGOBBIS et al. 1986, DEGOBBIS and
GILMARTIN 1990). The outflow of the Po River provides over 50% of the freshwater input to
the northern Adriatic basin, making this river the most important contributor of organic
matter and nutrients to the Mediterranean (PETTINE et al. 1998). The characteristics of the
phytoplankton seasonal cycle depend upon input of nutrients and physical processes
(ZAVATARELLI et al. 2000). Since climatological changes may impact the productivity of the
Adriatic Sea, we defined phytoplankton composition and seasonality along the NE coastal
Adriatic, during the extremely low Po River discharge in 2006.
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The investigated area
The northern Adriatic is the northernmost part of the Mediterranean Sea. The Adriatic
Sea is a temperate sea, with temperatures almost always above 10 °C. The northern Adri-
atic is 8–10 °C colder than its southern part during winter. It is a shallow Adriatic sub-basin
(mean depth about 30 m), with two NE extensions – the Gulf of Trieste and Rijeka Bay. In
contrast to the shallow NW Adriatic which receives a large amount of freshwater from the
Po River (RAICICH 1996), the NE coastal Adriatic is deeper (60–65 m in Rijeka Bay and the
Vinodol Channel), and is influenced by oligotrophic karstic waters and a north-westerly in-
going Eastern Adriatic current coming from the Ionian Sea (GA^I] et al. 2001). The NE
coastal Adriatic – Rijeka Bay and the Vinodol Channel (the area where Station Cr 001 is
situated)– is isolated from the offshore sea by islands (Fig. 1) and under great continental
influence, especially that of the catabatic wind the bora in winter, with gusts reaching 50 m
s–1 surpassing speeds observed elsewhere in the Adriatic (MAKJANI] 1976, LEE et al. 2005).
Mean daily tidal range in this area is estimated to be 30 cm (KASUMOVI] 1960).
The circulation in the investigated region is complex. There are generally two water
masses, the less saline water mass distributed to the north-west, and the higher saline water
mass distributed to the south-east of the Istrian front (LEE et al. 2005), which is commonly
formed southwestward from the Istrian peninsula.
The main circulation in Rijeka Bay (an area of approximately 450 km2) is cyclonic
(ORLI] and KUZMI] 1985), as is the general Adriatic circulation (ORLI] et al. 1992,
ARTEGIANI et al 1997). The communication with offshore waters is mainly through
Kvarneri} and Kvarner, i.e the passages between the islands of Krk, Cres and the Istrian
peninsula. Circulation can be modified by winds (ORLI] et al. 1994), especially bora
(JUR^EC 1981, PENZAR et al. 2001) and freshwater discharge (LEDER et al. 1998).
The catchment area of the Istrian peninsula and the surrounding Rijeka Bay is com-
posed of permeable carbonate rocks (BIONDI] et al. 1996). Precipitation in the Rijeka Bay
hinterland (above 1000 m above sea level) is higher than 3000 mm (GAJI]-^APKA et al.
2003) with short-term precipitation possibly up to 46 mm per hour (GAJI]-^APKA 1991).
The annual precipitation maximum is usually in November (PENZAR and PENZAR 1980).
The surrounding coast abounds with coastal and submarine springs (BENAC et al. 2003).
Materials and methods
Water samples were collected along the permanently monitored profile along the Istrian
peninsula; from the Slovenian border on the North, to Vinodol Channel in the East (where
Station Cr 001 is situated)(Fig. 1), at approximately monthly intervals, in the period Janu-
ary–November 2006.
Samples for the determination of phytoplankton abundance were taken with a 5 L
Niskin sampler. Samples were preserved in a 2 per cent (final concentration) neutralized
formaldehyde solution. The phytoplankton abundance (cells per liter) was determined us-
ing the inverted microscope method (UTERMÖHL 1958; HASLE 1978a, b; VENRICK 1978).
Sub-samples of 50 mL were analyzed using a Zeiss Axiovert 200 microscope, after a sedi-
mentation time of 24 h, within one month after the cruise. Recognizable nanoplankton cells
(longer than 5 µm) and abundant microphytoplankton cells (longer than 20 µm) were
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counted and identified at a magnification of 400x. Usually one transect was scanned with
400X and two transects with 200X, with a phase contrast. At 100X a total bottom count was
completed for taxa greater than 30 µm. The minimum concentration that can be detected by
this method is 20 cells L–1.
The entire phytoplankton community was identified to species or genus according to
recent keys, as described elsewhere (VILI^I] et al. 2002).
Results
In the period January–September 2006, there was extremely low Po discharge, provid-
ing an annual discharge twice as low as the 90 year average. The seasonal distribution of
the inflow was characterized by a shift of maximum values from spring to autumn (Fig. 2).
Diatoms provided most the abundant phytoplankton along the investigated profile (Istrian
profile). The maximum annual abundance of diatoms was 4–5 x 105 cells L–1 in the west
Istrian coastal region, September–October (Fig. 3, 4). The annual average abundance of di-
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Fig. 1. Map and position of stations along the »Istrian profile« in the NE Adriatic Sea.
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Fig. 2. Daily discharge of the Po River in 2006 at the station Pontelagoscuro.
Fig. 3. Distribution of diatoms, dinoflagellates and coccolithophorids along the Istrian profile,
presented by Box Whisker plots in 2006.
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atoms was low (5.1 x 104 cells L–1), but bigger than that of the dinoflagellates (28x), the
coccolithophorids (13x), cryptophytes (6x) and green nanoflagellates (9x). Maximum
abundance of diatoms appeared neither in spring nor at station Sj107 which is generally the
mostly influenced by the Po River. In spring, diatom abundance increased as compared to
Rijeka Bay, where the maximum abundance of 105 cells L–1 was registered.
The maximum abundance of dinoflagellates (Fig. 4) and coccolithophorids (Fig. 5) ap-
peared in June, of cryptophytes in May (at the eastern stations, Fig. 6), and green
nanoflagellates in May and September (at the northern stations)(Fig. 6).
In the spring-summer oligotrophic conditions, small dinoflagellates also appeared in
small abundances (average 104 cells L–1), increasing in the direction of Rijeka Bay. Cocco-
lithophorids, cryptophytes and green flagellates played an important role in the pelagic
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Fig. 4. Distribution of diatoms and dinoflagellates along the Istrian profile in 2006.
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community, with a similar horizontal trend of distribution. North Adriatic oligotrophi-
cation was most considerable in June 2006, with a minimum abundance at Station Sj107.
In September and October, high influxes of fresh water resulted in the enrichment of the
Northern Adriatic with nutrients, and the development of phytoplankton at western stations
of the profile. In the October 2006, increased diatom abundance was also found in the re-
gion around the tip of the Istrian peninsula.
The minimum phytoplankton abundance was most frequently found around the tip of
the Istrian peninsula, at Stations Zi052 and Vv 034.
Taxonomic composition of microphytoplankton revealed the dominance of diatoms,
the most abundant genera being those of Chaetoceros and Pseudo-nitzschia (Fig. 7) which
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Fig. 5. Distribution of coccolithophorids along the Istrian profile in 2006.
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reached 6 x 105 and 1.2 x 105 cells L–1 in autumn 2006, respectively (Tab. 1) Microdino-
flagellates were scarce throughout the year (maximum 1.7 x 104 cells L–1).
Among dinoflagellates, toxic dinoflagellates are of economic interest and human
health. Five toxic dinoflagellates were registered along the Istrian profile in 2006 (Dino-
physis acuminata, D. caudata, D. forti, D. rotundata, Lingulodinium polyedricum i Proro-
centrum minimum) (Tab. 2). Toxic Dinophysis species were found in up to 2.8 % of the ana-
lyzed samples. The most frequent species Dinophysis caudata appeared in the period
July–October, with maximum abundance of 240 cells L–1 in September. Among other toxic
dinoflagellates, Prorocentrum minimum was found in 7.8 % of samples, with the maximum
abundance of 8.5 x 103 stanica L–1 in February 2006. Lingulodinium polyedricum was
found in small abundances, up to 380 cells L–1.
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Fig. 6. Distribution of cryptophytes and green nanoflagellates along the Istrian profile in 2006.
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Development of the potentially toxic diatom Pseudo-nitzschia was low, however, this
species should be monitored in the future due to the potential of cells to synthesize domoic
acid during global environmental changes and thus changes in physiological activity.
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Fig. 7. The most abundant phytoplankton in the NE Adriatic Sea in 2006. Diatoms (a–c), and cocco-
lithophorids (d); a – Chaetoceros socialis, b – Chaetoceros affinis, c – Pseudo-nitzschia sp.,
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Discussion
The northern Adriatic has been characterized as a system where the nutrient and pri-
mary production cycles are driven by the Po river discharge, pycnocline dynamics and hor-
izontal advection changes, and surface trophic gradients which are in qualitative agreement
with the known characteristics of the surface biomass distribution of the Adriatic Sea
(ZAVATARELLI et al. 2000).
Physical processes determine and maintain nutrient and phytoplankton biomass distri-
bution in the Adriatic sea (ZAVATARELLI et al. 2000).
The seasonal cycle of the surface potential (gross) primary production rate in the north-
ern Adriatic is characterized by three distinct peaks occurring in February, June and Sep-
tember (SMODLAKA 1986). Occasional increases of primary production are possible in the
N. Adriatic in summer, but do not result in the biomass increase, due to zooplankton graz-
ing that controls surface phytoplankton.
According to the model of the Adriatic Sea ecosystem dynamics (ZAVATARELLI et al.
2000), phytoplankton biomass evolves in the near surface layer during autumn-winter, and
provides lower values during spring-summer. In the middle and southern Adriatic biomass
begins to increase in autumn, decreases during winter, and grows again in February-March.
The N. Adriatic case studies performed in 2001 and 2006 clearly showed that the
phytoplankton abundance maxima could appear at any time of the year after the enrichment
of the N Adriatic with nutrients (Fig. 8). In 2001, maximum winter discharge (in January)
resulted in the maximum phytoplankton abundance one month later. In 2006, the first an-
nual pulse of the Po Riverine water discharge appeared in September, and the subsequent
phytoplankton maximum abundance appeared in November. In both cases the discharge of
about 4000 m3 s–1 resulted in the maximum phytoplankton abundance of about 5 x 105 cells
L–1, one and two months later, respectively. The more eutrophicated February to June pe-
riod in 2001, was characterized by the appearance of more abundant diatoms such as
Cerataulina pelagica, Chaetoceros socialis, Chaetoceros throndsenii, Chaetoceros vixvi-
sibilis, Dactyliosolen fragilissimus, Hemiaulus hauckii, Nitzschia/Cylindrotheca complex
and Pseudonitzschia(Tab. 3). The increased Po River discharge in autumn 2006 resulted in
the development of Asterionellopsis glacialis, Chaetoceros affinis, Ch. socialis and Pse-
udo-nitzschia (Tab. 1). The drought January to June 2006 period was characterised by the
small cell size diatoms Cyclotella and Thalassiosira, which could successfully grow dur-
ing oligotrophic conditions.
Phytoplankton seasonality (chlorophyll biomass) in the NE Adriatic in seventies to
nineties (1972–1992) was characterized by bimodal distribution of maxima, with a more
pronounced spring maximum, and a less pronounced autumn maximum (SUPI] et al. 2006),
and corresponding dissolved organic matter seasonality (GA[PAROVI] and ]OSOVI] 2001).
Some summers were characterized by blooms of diatoms and production of organic
macroaggregates, i.e. mucilage phenomena (HERNDL and PEDUZZI 1988, KALTENBOCK and
HERNDL 1992, DEGOBBIS et al. 1999, NAJDEK et al. 2002). Occasionally summer blooms
may be induced by dinoflagellates (CATALETTO et al. 1996). In the last decade (during 1993
to 2000), a shift in the distribution of annual chlorophyll a biomass maxima was observed,
with predominant annual maxima appearing in autumn in the NE Adriatic (SUPI] et al.
2006). Such a shift in the phytoplankton seasonality in the NE Adriatic was the result of a
change in the Po River hydrology, i.e. the shift of annual discharge maxima from spring to
112 ACTA BOT. CROAT. 66 (2), 2007
VILI^I], D., BOSAK, S., BURI], Z., CAPUT-MIHALI], K.
U:\ACTA BOTANICA\Acta-Botan 2-07\Vilicic.vp
3. listopad 2007 15:24:11
Color profile: Disabled
Composite  150 lpi at 45 degrees
autumn. In such circumstances annual phytoplankton seasonality remains bimodal, but in-
creasing annual abundance maxima appear in autumn but not in spring. Such an atypical
seasonality was found in 2006, with enhanced autumn phytoplankton abundance.
The diatoms along the Istrian profile, are most abundant at the westernmost station Sj
107, due to the greatest influence of the Po River. As in 2005, the absence of the spring de-
velopment and appearance of the autumn development of phytoplankton clearly continued
in 2006, due to the remarkable reduction of the Po River discharge (nutrient enrichment) in
winter-spring, and the appearance of a discharge peak in the autumn.
The minimum phytoplankton abundance was most frequently found around the tip of
the Istrian peninsula, at Stations Zi052 and Vv 034, due to the greatest influence of
oligotrophic water masses coming by the north-westerly ingoing Eastern Adriatic current.
Coccolithophorids, cryptophytes and green nanoflagellates contributed most to the to-
tal nanoplankton abundance, as in 2005. The absence of diatoms in spring was compen-
sated for by a greater contribution of nanoplankton (coccolithophorids, cryptophytes and
green flagellates) in May 2006.
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Fig. 8. Comparison between Po River discharge and diatom abundance during 2001 and 2006.
U:\ACTA BOTANICA\Acta-Botan 2-07\Vilicic.vp
3. listopad 2007 15:24:12
Color profile: Disabled
Composite  150 lpi at 45 degrees
Acknowledgement
The research was financially supported by the Ministry of Science of the Republic of
Croatia (national project »Jadran« and project no. 119-1191189-1228).
References
ARTEGIANI, A., BREGANT, D., PASCHINI, E., PINARDI, N., RAICICH, F., RUSSO, A., 1997: The
Adriatic Sea general circulation. Part 2: Baroclinic circulation structure. J. Phys.
Oceanogr. 27, 1515–1532.
BIONDI], B., [ARIN, A., FRITZ, F., 1996: Hydrogeological map of the Adriatic catchment
area. Institut for Geological Research, Zagreb.
BENAC, ^., RUBINI], J., O@ANI], N., 2003: The origin and evolution of coastal and subma-
rine springs in Bakar Bay. Acta Carsol. 32, 157–171.
CATALETTO, B., FEOLI, E., FONDA-UMANI, S., MONTI, M., PECCHIAR, I., 1996: Analyses of
relationships between mucous aggregates and phytoplankton communities in the Gulf
of Trieste (North Adriatic Sea) by multivariate techniques. Mar. Ecol. 17, 291–308.
DEGOBBIS, D., GILMARTIN, M., REVELANTE, N., 1986: An annotated nitrogen budget calcu-
lation for the northern Adriatic Sea. Mar. Chem. 20, 159–177.
DEGOBBIS, D., GILMARTIN, M., 1990: Nitrogen, phosphorus and biogenic silicon budgets
for the northern Adriatic Sea. Oceanol. Acta 13, 31–45.
DEGOBBIS, D., MALEJ, A., FONDA–UMANI, S., 1999: The mucilage phenomenon in the
northern Adriatic Sea. A critical review of the present scientific hypotheses. Ann. Ist.
Super. Sanita 35, 373–381.
GA^I], M., P. M. POULAIN, P. M., ZORE-ARMANDA, M., BARALE, V., 2001: Overwiew to the
Adriatic Sea. In Cushman-Roisin, B., Ga~i}, M., Poulain, P-M., Artegiani, A. (eds.),
Physical oceanography of the Adriatic Sea, 1–44. Kluwer, Dordrecht.
GAJI]-^APKA, M., 1991: Short-term precipitation maxima in different precipitation climate
zones of Croatia. Int. J. Climatol. 11, 677–687.
GAJI]-^APKA, M., PER^EC-TADI], M., PATAR^I], M., 2003: Digital rainfal map in Croatia
(in Croatian). Hrv. Meteorol. ^as. 38, 21–33.
GA[PAROVI], B., ]OSOVI], B., 2001: Distribution of surface-active substances in the north-
ern Adriatic Sea. Mar. Chem. 75, 301–313.
HASLE, G. R., 1978a: Using the inverted microscope. In Sournia, A. (ed.), Phytoplankton
manual, 191–196. UNESCO, Paris.
HASLE, G.R., 1978b: Some specific preparations: diatoms. In Sournia, A. (ed.), Phytoplan-
kton manual, 136–142. UNESCO, Paris.
HERNDL, J. G., PEDUZZI, P., 1988: The ecology of amorphous aggregations (marine snow)
in the northern Adriatic Sea: I General considerations. Mar. Ecol. 9, 79–90.
JUR^EC, V., 1981: On mesoscale characteristics of bora conditions in Yugoslavia. Pure
Appl. Geophys. 119, 640–657.
KALTENBOCK, E., HERNDL, G. J., 1992: Ecology of amorphous aggregations (marine snow)
in the northern Adriatic Sea. IV. Dissolved nutrients and the autotrophic community as-
sociated with marine snow. Mar. Ecol. Prog. Ser. 87, 147–159.
114 ACTA BOT. CROAT. 66 (2), 2007
VILI^I], D., BOSAK, S., BURI], Z., CAPUT-MIHALI], K.
U:\ACTA BOTANICA\Acta-Botan 2-07\Vilicic.vp
3. listopad 2007 15:24:12
Color profile: Disabled
Composite  150 lpi at 45 degrees
KASUMOVI], M., 1960: A contribution to the hydrodynamical theory of tides of the Adriatic
Sea. Rasprave Odjela za Matemati~ke, Fizi~ke i Tehni~ke Nauke JAZU 2/2, 49–82.
LEDER, N., SMIR^I], A., VILIBI], I., 1998: Some characteristics of current field in the Rijeka
Bay – comunication between Rijeka Bay and Vinodol Channel (in Croatian). Proc.
Congr. Rijeka Bay Research, Rijeka, 213–221.
LEE, C. M., ASKARI, F., BOOK, J., CARNIEL, S., CUSHMAN-ROISIN, B., DORMAN, C., DOYLE,
J., FLAMENT, P., HARRIS, C. K., JONES, B. H., KUZMIC, M., MARTIN, P., OGSTON, A.,
ORLIC, M., PERKINS, H., POULAIN, P.-M., PULLEN, J., RUSSO, A., SHERWOOD, C.,
SIGNELL, R. P., THALER DETWEILER, D., 2005: Northern Adriatic response to a winter-
time bora wind event. EOS, Trans. Am. Geophys. Un. 86, 157–165.
MAKJANI], B., 1976 A short account of the climate of the town of Senj. In: Yoshino, M.M
(ed.), Local wind bora, 145–152. University of Tokyo Press.
NAJDEK, M., DEGOBBIS, D., MIOKOVI], D., IVAN^I], I., 2002: Fatty acid and phytoplankton
composition of different types of mucilaginous aggregates in the northern Adriatic. J.
Plankton Res. 24, 429–441.
ORLI], M., M. GA^I], M., LAVIOLETTE, P. E., 1992: The currents and circulation of the Adri-
atic Sea. Oceanol. Acta 15, 109–124.
ORLI], M., KUZMI], M., PASARI], Z., 1994: Response of the Adriatic Sea to bora and si-
rocco forcing. Cont. Shelf Res. 14, 91–116.
ORLI], M., KUZMI], M., 1985: On the cyclonic wind-driven flow in the Rijeka Bay during
winter. Rapp. Comm. Int. Expl. Sci. Mer Medit. 29, 95–98.
PENZAR, B., PENZAR, I., 1980: On position and cause of extremes in the annual run of rain-
fall in Croatia. Geograf. Glas. 41/42, 27–48.
PENZAR, B., PENZAR, I., ORLI], M., 2001: Weather and climate along the Croatian Adriatic
coast (in Croatian). Croatian Hydrographic Institute, Split.
PETTINE, M.,PATROLECCO, L., CAMUSSO, M., CRESCENZIO, S., 1998: Transport of carbon
and nitrogen to the northern Adriatic Sea by the Po River. Estuar. Coast. Shelf Sci. 46,
127–142.
RAICICH, F., 1996: On the fresh water balance of the Adriatic Sea. J. Mar. Sys. 9, 305–319.
SMODLAKA, N., 1986: Primary production of the organic matter as an indicator of the
eutrophication in the northern Adriatic Sea. Sci. Tot. Environ. 56, 211–220.
SUPI]; N., DJAKOVAC, T., KRAJCAR, V., KUZMI], M., PRECALI, R.: 2006. Effects of extensive
Po river discharge in the northern Adriatic. Fres. Environ. Bull. 15, 193–199.
UTERMÖHL, H., 1958: Zur Vervollkommnung der quantitativen Phytoplankton Methodik.
Mitt. Int. Ver. Theor. Angew. Limnol. 9, 1–38.
VENRICK, E. L., 1978: How many cells to count? In Sournia, A. (ed.), Phytoplankton man-
ual, 167–180. UNESCO, Paris.
VILI^I], D., MARASOVI], I., MIOKOVI], D., 2002: Checklist of phytoplankton in the eastern
Adriatic Sea. Acta Bot. Croat. 61, 57–91.
ZAVATARELLI, M., BARETTA, J. W., BARETTA-BEKKER, J. G., PINARDI, N., 2000: The dynam-
ics of the Adriatic Sea ecosystem. An idealized model study. Deep Sea Res. I 47,
937–970.
ACTA BOT. CROAT. 66 (2), 2007 115
PHYTOPLANKTON SEASONALITY IN THE NE ADRIATIC SEA
U:\ACTA BOTANICA\Acta-Botan 2-07\Vilicic.vp
3. listopad 2007 15:24:12
Color profile: Disabled
Composite  150 lpi at 45 degrees
